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While cotton cultivation is considered as the main cash crop for Greece, cultivation practices and their 
environmental-friendly level are the focus of recent research. Research is examined the main sources for 
greenhouses gases in cotton cultivation. Until now, crop cultivation stimulates greenhouse gas (GHG) emissions 
only from soil. For this reason, main sources are found to be agricultural practices such as irrigation and 
fertilization. It is imperative to be estimated sources of greenhouses emission in cotton cultivation for the 
territory of Greece. The present study takes into account all the factors related to the cotton cultivation, from the 
fertilizers production to energy consumption for all cultivation techniques such as tillage. The data were 
calculated using Cool farm tool software. In order for the data to be representative and verifiable, the average of 
all the fields is referred in the study. The analysis of the emissions concerned all the fields where cotton is grown 
in a remarkable area. The total CO2e emissions coming from an average value of 117.32 ha are 43.11 k kg. The 
main source of emissions are the fuels used for all processes in the field such as harvesting, cultivator, irrigation, 
etc. Many factors significantly affected the GHG emissions from cotton field in Greece. Although water supply and 
N fertilizer are the main source for emissions only from soil, there are many factors to exanimated in order to 
minimize adverse effects of climate change.  
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INTRODUCTION 
Greenhouse gases emissions has been increased by human activities. This 
increase leads to an average increase in global temperature of 2- 4oC (Gates et. Al., 
1992). The most common greenhouse gases are carbon dioxide (CO2), methane 
(CH4) and nitrogen oxide (N2O). These gasses are also well qualified with present 
knowledge. There are more greenhouses gasses that are not studied enough, such 
us nitric oxide and ammonia, so the effects on climate forcing from these gasses 
are not well understood (Duxbury, 1993). Atmospheric gases that cause the 
greenhouse effect play a significant role in climate change. Agriculture and 
farming activities increase greenhouse gas emissions from the soil into the 
atmosphere through various agricultural practices such as irrigation and 
fertilization, which in turn affect the biogeochemical process of carbon and 
nitrogen in the soil. Greenhouse gas emissions from arable land are estimated up 
to 13.5% of anthropogenic emissions worldwide (IPCC, 2007) while the most 
important of these are CO2, CH4 and N2O (Paustian et al., 2004). CO2 is released 
mainly through microbial decomposition or through the incineration of plant 
residues and soil organic matter. CH4 is produced when organic matter is 
decomposed into anaerobic conditions mainly through digestion of animals, 
manure and flooded rice crops (Mosier et al., 1998). Nitrogen is converted to N2O 
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in the soil or in manure and usually this process becomes more intense where N reserves exceed the requirements 
of plants, especially under wet conditions (Oenema et al., 2005). While cotton cultivation is considered as the main 
cash crop for Greece, cultivation practices and their eenvironmental-friendly level are the focus of recent research 
(Darawsheh et al., 2020; Karydogianni et al., 2020). Research is examined the main sources for greenhouses gases 
in cotton cultivation. Until now, crop cultivation stimulates greenhouse gas (GHG) emissions only from soil. For this 
reason, main sources are found to be agricultural practices such as irrigation and fertilization (Ma et al., 2020).  
 It is imperative to be estimated sources of greenhouses emission in cotton cultivation for the territory of Greece. 
The present study takes into account all the factors related to the cotton cultivation, from the fertilizers production 
to energy consumption for all cultivation techniques such as tillage. 
 
MATERIALS AND METHODS 
Cool farm tool was used in order to calculate greenhouse emissions. Cool Farm is a calculating tool for estimating 
greenhouse gas emissions, carbon footprint in a field based on yield and marketable yields, crop area, fertilizer 
applications (type and rate), number of applications pesticides, and energy use (use of electricity and fuel). For 
livestock farms, estimated yields depend on herd size, manure management, and feed and energy use. Cool Farm 
also includes biodiversity measurement, which quantifies biodiversity levels and water use. In this way the water 
requirements of the crops are calculated and the footprints of the blue and green waters are evaluated. The Cool 
Farm Tool covers almost all crops and animals worldwide, except crops grown in non-soil media (eg. greenhouses 
or hydroponics). 
The use of the Cool Farm Tool creates incentives for climate-friendly agriculture and increased supply chain 
efficiency. In 2018, the Cool Farm Tool has been mostly used in potatoes, maize, vegetables, coffee and cotton. The 
tool was developed by the Cool Farm Alliance, which is constantly working on further improvements. The Cool Farm 
Alliance has 58 members, including food retailers, manufacturers, input suppliers, NGOs, universities and 
consultants. 
 Input data - parameters 
For the data collection, a questionnaire divided into 6 groups was distributed to cotton producers. 
1. Cultivation details 
2. Soil characteristics 
3. Inputs 
4. Fuels 
5. Use of water 
 
 In group 1 (Cultivation details) the cultivation area, quantity of fresh product (whole plant) and the quantity of 
final product were noted. Group 1 was also provided with data on waste management. Regarding the management 
of the residues, it was chosen unanimously by the producers "It was distributed on the plot or it was integrated or 
used as a cover with crop residues". 
 In group 2 soil characteristics were recorded such as soil texture (clay, silty, sandy, etc.), soil organic matter. 
The soil moisture was characterized as "dry" and the soil drainage as "good". Finally, the soil pH was noted. 
 For group 3, the choice of fertilization method and plant protection applications was made. More specifically, 
the type of fertilizer applied, the application dose and the evaluation of the measure (fertilizer units or product) 
were selected. The method of application (application in solution, dispersion, incorporation or hydro-lubrication - 
underground drip). Finally, the use of nitrification inhibitors was registered. Regarding the application of plant 
protection, a category was selected which describes the time and method of treatment (seed treatment, soil 
treatment or post-emergence) and the number of applications (doses) for each operation separately (weed control, 
leafing, etc.). 
 In group 4 (Fuels) the direct use of energy was noted, ie the energy source was selected and the amount of 
energy (liters) used for this crop was entered. Consumption was noted for each task separately (plowing, cultivator, 
harrow, sowing, digging, fertilizing, growth regulator-plant protection-defoliation, irrigation, supervision visits and 
harvesting). 
 For group 5 (water use) it was noted how many times irrigation was done, by which method (shaft, irrigation 
pipe, flood or drop) and the water source (natural lake / pond, reservoir, river / stream / ditch or well drilling). In 
all producers the source of water was drilling. The pumping depth was set at 160 m and the horizontal distance at 
200 m. These values are average values from different regions). Finally, the energy source (oil, e-electricity or 
gravity) used to irrigate the cotton was selected. 
 Data analysis 
 The questionnaires were completed by 35 producers from all the cotton-cotton regions of Greece. For calculating 
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the mean value and minimize error, extreme values were excluded from the results. 
When the term 'climate change' is used, carbon dioxide (CO2) emissions in on focus, the predominant greenhouse 
gas from fossil fuel combustion, industrial production and land use. However, CO2 is not the only greenhouse gas 
that drives climate change. There are some other gases that contribute significantly to global warming, which 
together are quantified in a single measure called CO2e.  
 
RESULTS AND DISCUSSIONS 
The total emissions for a mean area of 1.173,2 ha are 43.11 k CO2e kg. CO2e emissions were estimated at 2,83k 
kg ha-1 and 0.74 kg kg-1 (Table 1). 
Table 1. The emission of CO2 
Total emissions 
CO2e (kg) * 
 
Emissions per hectare CO2e (kg) 
CO2e emission 
per kilo of product (kg) 
43,11 k 2,83 k 0,74 




Figure 1. CO2e emissions per hectare (kg) for residue management, fertilizer production, fertilizer application, 
plant protection and energy use 
 Highest CO2e emissions per had observed due to energy use (diesel consumption); reach 855.7 Kg CO2e str-1 
(Figure 2) and correspond to 35.57% (Chart 3) of total emissions per ha. This result is opposite with Sami & Reyhani 
(2018); fertilizers are the main source of GHs emissions. This is followed by residue management with emissions 




Figure 2. Percentage distribution of CO2e emissions per hectare (%) for residue management, fertilizer 
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 The emissions observed from the application of fertilizers are 421.3 Kg CO2e ha-1 (17.51 %), while from the 
production of fertilizers 347.7 Kg CO2e ha-1 (14.45 %). The applied fertilization is considered as direct emissions 
(Sami & Reyhani, 2018) The lowest emissions were 335.3 Kg CO2e ha-1 which corresponds to 13.94 % from the 
application of plant protection products. 
 
 
Figure 3. CO2e emissions per kilogram of product (kg) for waste management, fertilizer production, fertilizer 
application, plant protection and energy use 
The maximum CO2e emissions per kilo of product are observed again in energy use and are 0.34 kg CO2e kg-1 
(Figure 3) corresponding to 45.67% (Chart 2) of the total emissions per kilo of product. This is followed by waste 
management with 0.11 Kg CO2e kg-1 (15.21 %), application of fertilizers with 0.11 Kg CO2e kg-1 (14.82 %), 
production of fertilizers with 0.09 Kg CO2e kg-1 corresponding to 12.39% and plant protection with 0.09 Kg CO2e kg-
1 corresponding to the emissions to 11.92% of the total emissions per kilo of product. 
 
 
Figure 4. Percentage distribution of CO2e emissions per kilogram of product (kg) for residue management, 
fertilizer production, fertilizer application, plant protection and energy use 
 
In high water holding soils, drainage is the best way to reduce CH4 emission. (Khan et al. 2017). 
 
CONCLUSIONS 
 To sum this study, the following suggestions are recommended in order to minimized GHG emissions and 
mitigate the effects of climate change. Firstly, implementation of integrated crop management systems with a view 
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to reducing inputs to agro-ecosystems. Some of these are a 30% reduction of applied fertilizers that will help reduce 
greenhouse gas emissions and especially nitrogen oxides and reduce nitrate pollution, minimization of tillage and 
reduction of plant protection products. Secondly, expansion of organic farming aimed at improving the greenhouse 
gas balance by increasing soil organic matter and reducing nitrogen and methane oxide emissions. Finally, 
promotion of renewable energy sources both to meet the energy needs arising from agriculture and for the 
production of energy that will be allocated to other production processes. 
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